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MULTI REFLECTING TIME-OF-FLIGHT MASS SPECTROMETER 

AND A METHOD OF USE 



FIELD OF THQE INVENTION 



STATE OF THE ART 



».ay»s of oo„,p<».^ a„j thei-:^^. ScnsMvi^. and ,e„l««oa of .uch ™aysi. fa 

agk. p.* wto t»p„g pMcI l«>ga to. have been mnld-„flec«ng1|I„f 
speOTon»Ki,OimTOFMS)..Tlieu«eofMRTOFMSl -J « n«me tm««)f-flight mass 

GB20W,2, ™sges„ an efegant way „,™,„i.g M lenga of fte ™m™„, by fc.ding ion p,a be^veJ^T^ 
c^lea (P.g.1). Introducon of ^ ^ ^ P 

W con^ of ^ Of ^ ^ O.^:" f^2ot^: 

.Uop™^^.„<j^of.on«,,..^» 

me flight path IS folded along a jig-saw trajectory- 
(B) -coaxial refleotiag' sche., which en^loys n^l^ple ion reflections between two axiaUy aHgned ion 
nnirorsusmg pulsed ion admission and release. ■ ^"7 augned ,on 

The 'coaxial reflecting' scheme is also described by H Wollnik et al m m« c « 
• t , et.al. m Mass Spec. Rev. 1993 19 n mo 

. m^lemented in the work published in the Int. J. Mass Spectrom. Ion Proc 227 (2002, 217 R ^ . 
50.000 is achieved after 50 turns in a moderate size (30cm) TOP MS C J . 

indeedpreserveions Of interestaosses arebelow^l^oft Zl^' T^T ' '^'^"'^^ "^"^ 

withanumberofcycles • ^ 



289 . H^T" ^ - papers by.H. WoUnik, NucLInstr. Meth A25a (1987) 

289, and Sakurai et al, Nucl. Instr. Meth. A427 nooo^ ir-> t . ^ ^ 

Meth.. A427 (1999) 182. Jons are kept in closed orbits using electrostatic or 



SU1725289 by Nazarenko etal fiosg^ ,-„fr«^ 

P--™ Wo„. While 'IZirj! ■°»'*" 

MS Of ,.ep„.^ p„^,„ ^ „ ,^ LZT^TTT'"^ "'^''"' ^'■^^^ 

™nfe. tho aa, Mv.ri,« „id. «»M nak. « o«.^„„ „f ai^, p^a, poinfless. to od,er 

-.e in^oXi:::^ ^r::ro^'^:r:°' ^-^ ~- ~ ■« 

.u»ta«c.I>y „.„ a., a »^ ^ ^ MR TOP """^"^^ ^ °« 

MALDI, are well eo,,.™. toP MS «rf suohk!/ '*« ^IMS » • 

Of MR TOP MS Wo^ - -^c". o. fUs^ 

Gaseous ion sooices. Bee ESL APCI or ICP . 
i»«»ically =on«.„o„ ,o« b»m,. „„ssi<,o«i™ *" """"^ *=>■ - 

MALDIio„so„„:.(US6331,02.us«04,50) TOFMrhT". " " '°'"'*"=^ 

;^i-co«^uo„ ion sou^s, a«„ in^L™ ^ ^ 'ZTT^"^'^"'"'"—- -"^ ■•••'•° 
so^ m oon^lnaaon J^^^IZ^^ i«. ion pu... 

BSI son^ « a .00.^ ^ ^'X^2"'^-'°"^- -S8.s« a oouplin, o,^^^ 




■»» r»g. and c«,^„ ^"-^ «"1«<1 Pa*' MR TOF MS r«.i„ fbu 

- ro:!'::::-^:^^ • ~ ..:^.„ ^ 

»n,Ii.g c„.ta„„, i„ b . -^ttple atterapB of In^roving puked ,<>„ 

m. .ap (tn, ^ „,„,33,, use^ ri Wot::f," «P». 3-D .„„ ^ 

^5^. oo^ „ J ,^ alroT"* - - in 

c»p.ed.oo«<.M.^PMs .a^,d«c.bi:rrb;r;i: - 

Smnmrizmgtiieabove, aeMRTOFMSoflli • 
Providi,^ . „Ki«i,g often .w, ^^rT.* ""^ "''"'"S^' f-^^^S 

TOF .nai^ „ coZltrrr """^ "«of"f-=^ do.Hbe MR 

TOP ana>^„ co Ij^rr:rr- ° ~ '"^ 

Of ooa^ia. Of _ ^^^^'^ " "'4 «» - 

i-i-ical,, co.«^^ o. ^.i-oo^tao. i™ '"^°'""'''~—«^»«.- 

SUMMARY OF THE INVENITON 

-i-. c^t:::it;;tr.!::;~ -^^^ tof ms .o.di„.».ona, 

(A) '-o-on-»i«ad.f.ap.o,p^f_^,.^^^^ 
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efflcent coupling to conanuoBlon source vi, an TOF MS of tbe uive„tt„„ allows te 

»a p..e o„. Of. .OH, aevioe. 3^.:^^^^:, " 

TOFMS.spa™con,p„«dtoo-TOFMS. ' ' ' "™« ""^ pukes of MR 

.pHo^a^l!:™'"' '"'-o.p.ovla. ana^vau^goou, =»*i..«0. of ,„ op«os f^, 
• "•l^<«ioHos.«onn»sh.,,,i,,cndm»sa„gri<„ess' 

*<»>>¥le«*»vd to MR TOF MS foalur. n,,,«, , 
" »f <lrift space »ia. a period co^poud™. ■ ^ "P""""^ P""""""" 

^ow foousi.8 Of *e tean, aM ta^inau.e"Zr^ T °' 
blouses brings novel ^ali;. to l^p ^ ™ """^ ^""^ 

I«Se.„^of.„ec,iJ(.I;tHrd,,^'^;"^'°«-"^^ 

--»-.vento„foLou:j;ri~rrrr°rr"°"'°^"^'--"^ 

""tortio™. like toaeour^y „f stt.vel„«.. . ™'l»«=ds various exto,„., 

«^of .be tabea„,«ef. tLmrtof ICl r"""" "'"^ "^"^^ » weU as space 

=««to«ppl.,.n.,„^^^^°;^~-™-'V0f™l.^,e«^^^,„,^„^ 

-.es '^"Z^^l"^ ' ^ — — -en fooal len.. F 

.^on»F.p..de..advan4eof.r-^eZ'rr.::*t:r^^^ ■ 



, • periodic lenses, since they, focus in different directions. Besides such le ' 

asymmetric voltages on side plates. ' ^^'^ incorporate steering by using 

" «^ '"p^ Of n»« ^ d.f..!jcit^,irrr' 

Nowl focmmg propMi,, of the of ■ .■ 

"^=l~.od.po,eo«... ^^.^^^.^^"^ « .o «o^.„^«„„ Of „,e 

emc.»,a,ta„toted.si.gpri««loi,oui,bo„*«,^o,»„lo^,T """"-"■"^ could be 

pulled .d^.io. fe„ „^ ,elea»^ • " ™" ""■^'^o "i* a 

^^«^.....o..^,^...™.r::^»~^^^^^^^^^ 

The invention, is applicable to v * 
""^ - aou™,, Bke MAU., r* '".Zrol'"** "AU), or SIMS. 

~ ~ ~ -p ms of .e ..^.^ ^ , ^ , 

U^~..^.„„,^.^^„„^^J^-^.^^o.^^^^^^ 

^ 1 OF MS. The mvention employs 



.-*oc„ccele„«ouo«ofa„io.a.onngd^„.^„.^ 
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s «P«ato, of parent „^ a.d . «ft too™ tmd ot6.e„«,aBg oelL 
11= MR TOP MS of a= i.™aio. ooald b. mrf „ . to, 

.ve.«„. a„o« r^p™ r " '™ 

medium energy of ion beam, tight focusine of fte . * " ^ separation at low and 

directingthebeamintoaCne^tingtr '^"^ while 

BRIEF DESCMPMON OF THE DRAWINGS 

For a more con9)lete understandins of flie nr««,* • 
drawings in which: ^ P"'^* "^^^'^ ^^^^^^'^'^^ made to the following 

Fig.2 shows a 'folded path' MR TOP c: » . ^ . • 

Fie 1 .1, . of a prototype by Nazarenko etal. SU1725289 

Fxg.3.showsa.coaxialref,ecting-MRTOFMSofpriorartbyM.Parlc,US^^^^^^^^^ 

^^^-^-^^--^^-ticofthepreferredembodimentoftheLTC^^^^^^ . 
novel periodic lenses. * m«- lOF MS of the mvention, with details on 

<°^^"— — >'-P--.ofio„=^.of*ep„f.„eael.™„,of,,^„„3 



Fig 7A shows a block diagram of flic entire MR TOP MS; 

Fig. 7B shows details of fee ion source and of fee ion guide; 

Fig. 7C shows details of the second storage device and of tlie ion accelerator 

F:g.8shows fee detailed schen^tics Of fee preferred en*odin«ntofMRTOFMS Of fee invention 



DETAILED DESCRIPTION OF 



PREFERRED EMBODIMENTS 



The present invention relates generally to fee arpa of rr,a.c , 
smpltog. VM » KM sBrmg device, ttaa 

eta, OB pMen, No 2080021 (£e.3 a.d fig 4 of fte GB J, ""^ •>""■«• Wolbik 

™.gi^for^,e,efleo«ona.f .koio^^^ J "t ^ '"^ ' " '"^ ^ 

» »dep»A„, of to ' ^.^ .re such to, tt. to fligb, fi^ 

Seo„.«c._ge^..f„^-^:-^^ ~ .» WH. ^e pa,„. .o. 

rr::re:--:::r:r-'--™-^~^^ 

sp.cebeftvce„a.»idtond™„ I1„,ri™„ , ^ so.„^e , and receiver 2 „e loc.Kd in a. drifl 

by»ovi.g^to.o»c..,3:x^T:vTrr*'''"""'^°°'-^"*"°'"«-''°"'''*-»^^ 

^ ..eved o. ever, to :^."xrfr:rvcrr ' ^^r"""^^""^ 

focusing wife respect to ion energy. ^ '"^^'^ "^"^^^ °f Aig^^t 

o.»JrcZ":rrr;^:r:r:r^ 

ll>«»&re, fte MR TOF MS of >he , t ™* "^-^ '» ^P'-i" to apread in Y di,«ato 

MR TOF MS of Sie proto.^ ^eUvedng wide ^cepunc. ot^y^^^^ 



Fig.3. shows a 'coaxial reflectme' MR TOP A/TQ ^ ^. . 

laii^wuiig lYux. iut Mb ofpnor art by A Park TT<5 /?in7/t;o<: -m. • 

a way of ooupling „f oonHmom ion source to „ MR TOF Tl, h ^ T ' 

m a xaier work by author after introducing an LIT into the interface. 

^'^•'••^^^•^•^^°^^^«^I^«=»^ticoftheprcfeneden*odirnent^^ , 
details on novel periodic lenses. The MR TOF MS 11 comnric„ , / ^OF MS of the mvenbon. with 
1 ^ i iv^r Mi> 11 comprises a pulsed ion source 12 with a hmit i„ =^ i . 

13, an ion receiver 16 a set of twrt • • accelerator 

d.^0. d»o«:r;iTrr :~ "^'^t^ »*« *.a.«-.„e,o.^ ^ , 



M ^ « V dTrSrir "1 f '"^"^ - ™ .5 and of „ ion « 

=hi« pe, in«go, n»ba, of L^^^ T T ^ ""^ ' --^ondins » ion 



Oms (P/4), F-N«P« The mo« toh. f„ • of kalf lafleoOons or quarters of full ion 

focusin, ws lar^r'^nrrr 
pi...^e.f.,.s.jz:::r:L™r-:::^^^^^^ 

lenses. substantiaUy elongated across the ni.,n f P aa in me plane of the folded ion path. Planar 

B..e.suc.....^a>so^,o.a.s..^.,„l:Xr:™^ 

The set of periodic lenses brings the novel quaUty to MR TOP- h^.rr, 
»-»..a^»^of....on.<ao^,.oMl™:::— 



. "° optics simulation the inventors found out that io„ m-^*; • . 

substantially elongated in a shift direction f. • ^ "«»^ti°°«<l. the mirrors are 

folded ionpalh 19. ^ ' two-dimensional electrostatic field around the area of tho 

Novel focusing properties of the mirrors of thi^ ,„„ 

PKivi* a periodic (.iter each rrffecti^lfl,., . " '°°8°">='™<» "mnois) are ohosenM 

•ft" half . t«m a.d will be cave J, V , """^ "'^ 1» foc^d ta.o , pot, 

. ^..i-s . a^ed Z Coft r^.T '™ """^ » «^ - «va=«,eou., 

<»»m„„in, °''^'"*«'^''»-«'Pl'"«fl<».pad.»ftevici^„f 

lead. . e„^do. «,aa Z.f.^^ "'^'^y 

^..»™...a...e.ded,rparrr::r:2::— 

-Meg po«, could be ob«^ ^ „f ^rd"""""* '^^"^ ' 

-.va^ouepa^^,..^,^,^.,-----^^ 



Of the ™ „. „e„o«d a, ,5L fo, ^ .fe.^, 7'^'''*'»'"»' «"««<'»^e- As before, «„ eleettode= 
S^^IV, *e Vew M I^^^ ^ '^^'^ ^" ' ^ 

l».=nd.b,„ erodes Of «.e,.„epartcul„ MR TOFMS iT^l ""^ " 

pU«e ™* elo^«d slots. ^^L.^ ? 
hyperbola, e.. i^ej ^„ ^Je^J .^Z.^! 1"^ 

To preserve a two-dimensional fipM 
.vo(4 *,o,.„™ ef.be field s^^^^ ^TT."^ " " ' P'obIe„. To 

P.«.o.e,,o,sp.e...devic.,rfoTeZ::L:trr''°°^'^*-'°"^°^*'^°'^^ 

repe^i. . sb^e Of e,.pe J^Ts eft ~ 
""Pie «Ii«slmeM of ,rid<h of edge allows n„«, ,,, 7 '» »°"o» opBes stauUtlons we fomd a., > 

»«..ob^b,^_ — ~ — 

-M.^rrZ~::~l-^ — ^^------«d.ee.o.wl.bl. 

.Ho™»l^,bes™eo,d„Ier,,:^:^n::''°"°^'°"^^'"°-»-^«--~.wMcba,^ 
ion ^eeiver 34. :n,e b.ide« io. ™el». st^L 1 TT" 33 and an optional in-lioe 

-™.Msaion..efo,dedp.:3r:^"'oit:.:rri;rrd"^^^°--"--' 

-..onso...ion,eee.e..o,s.ee,.lonp.o.a^l^rltrrnLr^^^^^^^^ 

In opeation. in a panlcular regime, when the entanee steering « „■ 

on. «« MR TOF MS retains a .o..»«,«^ flT ; ^ ^ " -"^ 33 is 

~«o analysis. ,«le donhhng ^ ^r a^ r;""" " «^ ™i. of n-«« 

•long. Such fean^r. appears ^.^ f eo^" "'^ " «" 

-nden, MS and ^.e bypass fta^re ^m^Z^^ '^J^ " "^^ - » - of a . 

°" '°**»8 between tandem and MS-only regimes. 

The steering could be used to pass ion packet, .w . 
fUgbt pa* is accompanied by a p,„por^„.„, 7,^^ """^ '"'^ » of 

of.pa«ic.l..pplica,ion. "'"^ ' ""^^ » bo 

-n^,.n.o..spe.^,^,,.,rrr~~::^^^^^^^ 

..g..ssh^byd.sh.dlin.a„dsl»Udbetu.^o...d,ffiuapn^rnl^ 
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A panicul„»„u^te 41 of Peering device is, Ik,™ aj„„„a„.W,_,„ . ^ 
»M0fi»»lldpIatM42to4<!,»i,„e„,,K,4,„._ , , ^ ° ^ *° ^S' «■ T"» M«n"S device 41 convmes a 

»^u...b,.^ vol^ge. Z^riTl r'" 7 " '"O 

lenses. I. «,is ..ek oeH c^d V. „^ T' ""° " ^ °^ 

Deflecaon p,.,es c««M openae co^f^vo, i. "A-""" - • drift di,»=«o.. 

dea.c.»s is eiso os.fi. „Me ove, J^rpI^Tf r^'"' ««' 
.oopweu .«..oo„^. -n-^eoLirXn^f"' ^' " ^ ' 

s '^■""■etlhaaforuiipmvingresolaioi.ofa.eMItTOFMS. 
.lirecaoos „„„„., „ ft. beam pa«, iTo^ , ""^ ""^ » bo* 

p-edic^ *. _ Cv^z;^:::r - 

i»i»»d b, Loses „d .ddiSona, ose oT^" , »» mo., agb, 

.»w.v„^beoaos.„fft.e..eod.df,i; rel^b T"^ *^ " 

-»o-nd.._^^.,,„— 

Now ft., we iav. o„:^l.Bd . to-^^, 
■>»P<«»nc. to nott. aa. ft. novel MR TOF a-I™, i„ ^ TOP MS of ft. „vo,don i, is of parfeute 
-bea.. ^e^v.lana,^^^^^^'^'^^™*^^ ,0 spa.,., .„d«„^,a,sp^ Of 

e.^. of ion ^ „^ appel^lt^L b™. enl^ ^F ^ ^ 

provide . i.^ o^e, toe-of-fliZ Zil^^rr T. T"' ™^ »ve„bo. aUo 

be«».ean be aooep«d wifto^ o.ITCf , T ' - 

«^ emciene, of ion san.pbn. „„. Jf r.nrr;e^ ^^^^ of 

■^.antZr^r^- XOF MS Of ft. .venaon b, 
"..spondin, ,0 an e.«nd.d fflgl. «n„ of MR TOF J Z ^ "°° " ' 

'«».d.vioesofv.Ho.s,^ds,i,o,.din,i,nguid«,Rp'Z:r^^'°''^'''°''^*^™"^<'^ 
■■»Ifopin«>.nae„le,a,orofft.MRTOFMS n. „ . ' " ""I"'""''' in,o an ion s„»:e , 

rOFMS, snebco,nbin.«oni^no.be»desoi,I^::::o,f " MR 

-^v.irnsr«r:r.~:ir~°°°'^'"--='-^-^^ 
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Fig 7A shows a block diagram of the entire MR TOF MS; 
Fig. 7B shows details of the ion source and of the ion gmde; 
Fig. 7C shows details of the second storage device and of the ion accelerator. 

In reference to Fig 7A. and using a block diagram level of detailing, the entire MR TOF MS of the 

Z r ^'"^^ ' ^^^"""""^ - « -0-^ storage 

dev.ce 81 an accelerator 91 and an MR TOF analyzer 31. being se^entially interconnected T,. block diagrl 

together withm some particular anbodiments. 

coy^ ,™ b,^ ^ ,„,^ wito guide 71. P„feraHy, ,h= ion guide 71 Ires 

.on^„dej,«io.pa«,c«peri»dic.l,y„id.ap.dodc<»,ee^ 

O^S^,.Bod,^.e,o„,ido,,™l^_^_,^,„.,^,^^^ ^--2,^ 

«1A of If"" ""^ ""^ S^"'- ™= 

^ P«n^ «^11» pamcul. «tB of a ,ua.i-««i™, malDI io. ,„„c= gas cooling oon^,.. a 

s^^pla* 67. a W 68 and a »pp„ 69 ot oooBng ^. Bo* ion aon^ „e «d „ ion ^d, 1 ^ 
^ o^n^l. 7^ of a. stodng ion gaid, co.^ ^ ^„ 

voltage.., « of »pplon«nBryel»ttode» 73. an »dt aperture 74 and a pnny 75. 

e™,I. 6^771°" r '°° '^"■^ «» « in fl» pardoiar 

. '°° ^ °' """^"^ » ^P-yed ftoo, probe 62 in *e 

.n^^ ^i^ p„»,ur.. Highly charged aerosol evapora^s, ^ fomiing gaseou, U«. of «»lyte wMch 
^»*.e. ™ d» , angling „o^e 63. An e.ce.ive ga. . ev.cu.red hy die pun, 65 .o a gaa pre^^oTL 
^. ^ .re ««ier san^led Via .be .angling ^ 64 „i«. of g. flow and aleLradc fieW. 

generatmg a continuous ion beam 66. ' 

The MAID, ion .»u»e 61B wifl. ga, cooling gen»aK. iois of ™dy«. ii,..^d,g.. „ , 
-P^PU. 67 by dre pulsed W 68. A 69 provide, a cooling g.. around ^ .^U pl.r. „ 

~m.„n.. ,o„, srahdrry „ irr^rtan. for d.e n» in MR TOP .i»e i, ernploy^ 

^n. 1^.0 e^rgy and sharp «n.ng cbarac^HsHc. beco^ d»^.„ed in gas coHisions. Tbe Idng on 

beam 66 iS comrdered more « a quasi^uUnuou, ion b«n^ ,«her tb» a pMsed ion b«„n. 

71 lou. ! i»v«.<ion. eid»r condnuou. or ,p»i-cn,inuc». ion bcm 66 is direcW m» the ion guide 

^ ^.^ sampled ™.u .permre 64. while .n excsive ga. is couared by .he pun„5. 7.e .pern.. 64ld 
«»pnmp 75 ™ .mul.r n. case, of bod, ion „u»es, bec»se of .bou, „u., g. pressure in 6o„. of die .pemrre 64 
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o are puise ejected out ofthestormg ion guide and into the accelerator 91 either dir^ofu^ • 
second ion storage device 81. ^'^^^ °' ™ optional, 

space d..*u«d ion ,.„ge, a coo^oDed p„o,„.,e of io. J at^ll , ' 

by poto^aU » „d, ,Z « . .dva„.,eo„ RF "Ir.oT r,,"^"^ 

State. lhus.providinB a better for,.e»^ i ■ ^ ^°^^Se applied to the rods 72 m a steady 

prior art fe g US6020';8<^^ tv, , """^^ ^ ^^^V common in the 

'''•''^*°™'^<>f*'»co»d«o«g.d»ico81.T1,.secondsu»g.d.vic.8,o„^ 
.on tap, „ ..i, .pert„, eiae, .xij 88 or onh„6»„l 86 and . „„™> 85 -n, T . ^ ''"""^ 

SU-d. ^f.a„, . .o„,. ,on ^de. L. „. Z ^^'^lT^C LTTT 



The major function of an additional storing device 81 t« « 
compared to the rest of ions stored in ^ fi TT- ^ '^^'^'^^tions 

space Charge of ion ^^^:Zt2Z2T\ Z f V ^ ' '"^^ ^^"^'^^ ^ « 

dual storage scheme is more 

Most important it generates ion be. ' 7 * --*er of automatic adjustments. 

-=.8. Of ..^::rrrd:vr:;r.!r:tiT,i-^ 

preferred embodiment ofthe MR TOP M<;«f* • • ^P"^' *^ ^'"o^g detailed description of the 

MR TOP MS of the mvention. which employs the dual storage scheme. 
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uiKJui iui oi me invention comprises sequentiallv comiprtPH mo.\, 
continuous ion source 61 a storine ion -7, ' . ^ ^""^"^ '^^^^'^^^d ^on^jonents, comprising a 

. gas confining cap 74C a SM 83 „f„, . f * """^ ™» to I«ide 81 comprises 

MR TOP MS a»wTa pCs" TOP r ''^ ° '"^'"^ "» 

pla^,. ■ Of"-™- p,.«.. ..a a 33 of »dt 

gas confining cap 74C aUo JZT ! ' ?* """^ S»P»— (4om 1B4 „ IE-3 A 

S cap /4U allows havmg a higher gas pressure in the UDstream area tt,- j • 
i-P^ving ion ..n^ng and ion tapping in ^ .econd ion gni^ gTT^ rT^^ - ^d, Sl, «„, 
81Mpa,»i,^g4,l„.a„^ t,, . ^ A«»»II"8"I»«»mcma„.,condg™ie 

«»l»»r 31 and accelerator 91 in Z ^ • 96 of MR TOF 

^.weencc„^and,e.vi„giona.l,o„a,e.c.C^^i:r^r:; ;:^^^ ' S„e.,a,a»e 
^ ion ^de ,1, dependa on intensity of BSI in bean. A. a ^l^ZZT- '^"'^^^ 
guide 71 would contain aboui in',™ , " »f 10' 10ns a second fte first ion 

..r dna, sto.^ a^^ll w^T Z T ^ " ^ "'"^ ««>^ ™«. ^ „ aood» 

i.«».eco.ds.rj:Z™tnlr; ""t"""'"""^ 

o^^c...«ngcio.e,oCrrrr:rg:~z':r::i'^^ 

parameters. ' ^v; dna moaerately affecting ion initial 

^.iona^ electrcdraltrnn 7, ' " ^ - °' - '3 of 

topac..tisioo./.^^::™:i:'™r"°'^""''°"'^'^^ 

.«n..aione.tapert:.for:rc:r=::;:'^fi\rer::r^^ 

^ .f ae ion gnid. lo^.^,!^'"^ 7'""=^ ' ^ in ftc 

«»»*.gofth..pe.,!l74 """'*"^"""'°™''"'^^'»««»^-P74Cand6,.g,sje^ 
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of potodals of a„ .ddiSo»a dcottoto ReteiT^ 2 ! " 

clo«d of c. l«m W„d Wio„ of n™ • . ""'^ "^■^ «»*»<i i«o 

.o™«^.,..:^r:::r:,:;r-:i~--- 

=^ as. .eep^i^rjrrrzrpT Lir r 
»o.e^ p^- r: r r °' -'-^ 

eleotnxle (out of tee) ^ -itv „„k. , > '"^ » "Mdl. .ddflion.1 

i-^M^^sp^ inl l ''.T; " "'-'^ ^""-V 

»»^..».of.e«.,.z:'r:raor::;r.;rr;:'^^^ 

accleraBr « >i„ i« be«n has l.» tt„ 5% »e,^ „ , ' " " 



•«»»»I.«o„ would C«,„^4>Kri^„^ 

employing 12 Ml o™. .^^^ „ . ' ""^ ' '»»8 iMnment 



CLAIMS 
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What is claimed is: 



1 . A multi reflecting time-of-ffight m^ss spectrometer (MR TOF MS) comprising: 
A pulsed ion source; 



An ion receiver; 



A set^of t.0 parallel gridless ion mirrors, substantially elongated in one - 'shift' direction- 

A fleld-firee drift space between the said mirrors; ' ' 

2iaaa for the purposes of inqjroving resolution aiui sensitivity a set of 2 or ™ ^ 

Ar-ifi^ 1 ■ ^ "lO'^® lenses IS positioned in the QniVl 

. MR TOF MS of Ca™ ,. wh»», c»l otft. i» ^ „ ,^ ^ 

.o»»=,.«^o,pk„to»^^.^,,^^„,^„^^^^ ^^^^ ^^^^ 

Imear ion trap, RF channel. ^ ' ° 



9. 
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Of Shift ,^ „te„I^:^;''";'^'^ « 

19. The MR TOP MS as claimed in any one of ckiir,. itnA t. • . 

^1. A'°«*<>d°fsampkanalysisusingniultireflectingtime-of-flieht™«c ' ^ 

fliesecjuentialstqjsofi ^ °^ ^^ht mass spectrometer, said method comprising 

Fonning ions packet in a pulsed ion source- 

The said electrostatic field being formed within two planar and parallel ^dl« • 

space; ^ P"*'^^' endless ion mirrors, surrounding a field-free 

The said ion mirrors being tuned to simultaneously achieve a time-of flight fo.., • . 

the plain of the folded ion path- toie-of-flight focusmg and a spatial focusing across 
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"xeleiation » delayed cMnpa^ to a„ fonUng ami cooling pal»«, 

»ffl„uo«s ,on beam is pr„d»c«l by a co«im„,» i„,i^„ Ito ESI, APCI U CI PI ICP 

"--'~-oo„H,.*e»idc«^ 

^n«.^.byaco=*I.a«.a„fRBaodIX.Ie««caeM,„i^.a.bs.^p^ 
witfain gas-fiUed volume without substantially changing RF field 

Z^'^T'"- "'^'^ '-^^"^^ "O^osed Of ,io aepa.,., »e,o»cy,y„eh,»i^ 

26. '^™'^''°f'=>»ta23,.h^«»»adoon«™„.sta»™^ 

^..I.no„o.to^Io..U^d„aa«a>,be<.«perfo™eda.aH.,^,a.p„.^^ 

■torage step preceding acceletaSoii of ioapackea. f o™ 

27. The „e»od of elain, 21. wherein d.e said ,in« foonaing „ ^ .u,,^ ,, „^ to »a«al 

pllt:"™™""^'^-*^'^'^^'°«^«--"'V^P>»-f»»fo.d.di„n 

paa»aeb.evedby,.co.po,a«„g.taaintoU»ptaionn,i™..„ohtaahavingp„«n«alo,£^ 
polaiilv r.l.Hv.iy to M^i.n,^ BTo«nnal ol sajaaa 

30. m„.d.odofc,.i„,2I,whe,einaaidion»i™,,a,,ton.edbyfewera,.„4d.o,r„^ 

dimensional Shape of electrodes. * tt^urveawo- 

31. H» n.a.dof oiainipi,, wherein « leas, one eleote,d. of a, least on. ion ate is Blted for ion gati.. in 

33. Hie ^diod Of Olain. «, whe,^ iona »e alm.„t,Mlim ^m-.,.n.. nahrg a constant and/or a pulsed 

TOFMS.tobyp.ssa,eMRTOFMSandtoo«tolnm.ber„frep..i,i.ncyto, 

34. TTe nicthod of daln, 21, wherein deflection pUtes are >^ ^ ap«» to provide m«»a 
c»^on Of toaSfe^ation. oconrring in ion nnrrors, l.ns and d^lectionpU J 

spectrometnc analysis or separation. . 



ABSTRACT 
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The present invention relates generally to the area of mass-spectroscopic analysis, and more in particularly 
is concerned with the apparatus, including a multi reflecting time-of-flight mass spectrometer (MR TOF MS). In this 
spectrometer the flight path of ions from an ion source to a receiver is folded along a jig-saw trajectory by two 
parallel gridless electrostatic mirrors, substantially elongated in the shift direction, orthogonal to the direction of 
reflection. For the purposes of improving sensitivity a set of multiple lenses is positioned in the drift space between 
the mirrors to provide for spatial focusing of ions in flic f,lane of the folded ion path. Besides, for improving both 
sensitivity and resolution each mirror consists of at least 4 electrodes arranged and controlled so that to improve ion 
optics properties. Namely, in addition la time-of-flight focusing in energy and spatial focusing across the plane of 
the folded ion path, the mirron also provide time-of-flight focusing with respect to the spatial spread of ions across 
the said plane. Because of improved spatial and time focusing, the MR TOF MS of the mvention pro^ddes for a 
wider acceptance and confinement of ion beam along an extended folded ipn pafli. As a result, the MR TOF MS of 
Ihe invention can be efficiently coupled to continuous ion sources via an ion storing device, thus improving 
efficiency of ion sampling. 
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